The long-term clinical course was studied in 646 patients, who underwent isolated operative repair of coarctation of the aorta at the Mayo Clinic from 1946 to 1981. There were 17 perioperative deaths, and 58 patients were lost to follow-up. Of the 571 patients with long-term follow-up, 11% required subsequent cardiovascular surgery, and 25% developed hypertension. There were 87 late deaths. The mean age at death was 38 years (range, 0-67 years). Estimated survival analysis revealed 91% of patients alive at 10, 84% at 20, and 72% at 30 years after operative repair. The most common cause of late death was coronary artery disease in 32 patients, followed by sudden death, heart failure, cerebrovascular accidents, and ruptured aortic aneurysm. Age, sex, and postoperative systolic blood pressure were found to be independently predictive of survival. For patients less than 14 years of age at the time of initial coarctectomy, survival to 20 years was 91%, and for patients 14 years or older at the time of operation, survival was 79%. The best survivorship was observed in patients operated on at 9 years of age or less. The higher the postoperative systolic pressure, the higher the probability of death. This study has the largest population undergoing repair of coarctation of the aorta with a median follow-up of as long as 20 years. Four main points emerged. 1) Age at the time of initial repair is the most important predictor of long-term survival. Surgery should be offered to patients after age 1 year or sooner if hypertension is severe. 2) Coronary artery disease is the most common cause of late death. 3) Age at the time of initial repair is the most important predictor of hypertension. 4) Associated cardiovascular anomalies requiring subsequent surgery are common. Therefore, all patients need continuous long-term monitoring after repair of coarctation of the aorta. (Circulation 1989;80:840-845 
The long-term clinical course was studied in 646 patients, who underwent isolated operative repair of coarctation of the aorta at the Mayo Clinic from 1946 to 1981. There were 17 perioperative deaths, and 58 patients were lost to follow-up. Of the 571 patients with long-term follow-up, 11% required subsequent cardiovascular surgery, and 25% developed hypertension. There were 87 late deaths. The mean age at death was 38 years (range, 0-67 years). Estimated survival analysis revealed 91% of patients alive at 10, 84% at 20, and 72% at 30 years after operative repair. The most common cause of late death was coronary artery disease in 32 patients, followed by sudden death, heart failure, cerebrovascular accidents, and ruptured aortic aneurysm. Age, sex, and postoperative systolic blood pressure were found to be independently predictive of survival. For patients less than 14 years of age at the time of initial coarctectomy, survival to 20 years was 91%, and for patients 14 years or older at the time of operation, survival was 79%. The best survivorship was observed in patients operated on at 9 years of age or less. The higher the postoperative systolic pressure, the higher the probability of death. This study has the largest population undergoing repair of coarctation of the aorta with a median follow-up of as long as 20 years. Four main points emerged. 1) Age at the time of initial repair is the most important predictor of long-term survival. Surgery should be offered to patients after age 1 year or sooner if hypertension is severe. 2) Coronary artery disease is the most common cause of late death. 3) Age at the time of initial repair is the most important predictor of hypertension. 4 To better understand the long-term operative results and the variables affecting outcome after surgical correction, follow-up of large numbers of patients over many years is essential. Thus, our aim was to study the long-term clinical course of 646 patients with coarctation of the aorta after operative repair, with particular reference to the prediction of outcome and the best timing for surgical correction. 
Clinical Course
At recent follow-up, 467 patients (82%) were alive with a mean age of 34 years ( Table 1 ). The vast majority of survivors functioned normally (Table 2) ; 404 patients (87%) were asymptomatic, and only 15 patients (3%) were severely symptomatic.
A significant number of patients, 11% of the 571 patients surviving initial coarctectomy and longterm follow-up, underwent cardiovascular surgery during the follow-up period (Table 3) . Sixty-seven patients underwent 81 cardiovascular procedures. The most common procedure was aortic valve replacement, which was performed in 40 patients (7%), where a bicuspid valve had become incompetent or stenosed. Reoperation for recurrent coarctation was required in 17 patients (3%). Of these 17 patients, seven were less than 1 year of age at the time of initial operation, resulting in an incidence of Reoperation for coarctation 17 3 Mitral valve replacement or repair 12 2 Coronary artery bypass graft ing variables to be highly predictive: the age at operation, preoperative systolic blood pressure, postoperative systolic blood pressure, and sex (Table  6 ). With stepwise multivariate analysis, age, sex, and postoperative systolic blood pressure were found to be independently and significantly predictive of survival.
The older the patient at operation, the greater the probability of death. This increased risk of death was progressive from the first age quartile (.9 years) through the fourth age quartile (272years). The observed survival to 20 years after operation of patients aged less than 14 years at the time of initial coarctectomy compared with patients aged 14 years or older reveals a 91% survival in the younger patients and only a 79% survival in the older patients ( Figure 2 ). This difference in survival between the two groups is highly significant (p <0.0001). In fact, A' 1 'n'+ * .,;7"1^l' l h;^1111 7 hC . O1kCl£ 7 ;1 rln +; L' the probability of death. Interestingly, sex was also significantly predictive, for a higher probability of death occurred in males. Diastolic blood pressures were not prognostically important. It appears, therefore, that the length of time with preoperative hypertension is critically important in determining the degree of arterial disease and hence the likelihood of subsequent cardiovascular events. After coarctectomy, this arterial pathologic process is accelerated when the patient is male or when postoperative hypertension persists. Discussion This investigation is unique in that it contains the largest study population that has undergone repair of coarctation of the aorta and a median follow-up of as long as 20 years. The study group included all age groups from infants less than 1 year of age to adults over 35 years of age. With its large numbers, this study has the strongest power to identify variables predictive of long-term survival. Our data highlight four points in regard to morbidity and mortality after repair of coarctation. 1) Age at the time of initial repair is the most important predictor of long-term survival. 2) Coronary artery disease is the most common cause of death in long-term survivors. 3) Age at the time of initial repair is the most important predictor of late hypertension. 4 postoperative hypertension was an additional independent risk factor for premature death. In fact, the subgroups with the lowest incidence of late hypertension were 9 years of age or less. Therefore, unlike the study of Maron Associated intracardiac anomalies. As observed in other large-scale studies,9"10 associated intracardiac anomalies resulted in a significant fraction of the late morbidity and mortality. Bicuspid aortic valve disease or mitral valve disease necessitated valve replacement in almost 10% of the study population. In addition, 1% of deaths were directly attributable to either perioperative complications occurring during the valvular surgery or to endstage heart failure resulting from chronic uncorrected aortic regurgitation. Our study did not include patients who required correction or palliation of associated anomalies at the time of initial coarctectomy. However, Koller et al10 included patients with similar complications in his series, which may explain the mortality rate of 10% in patients operated upon below the age of 2. Our study does not address those patients with associated intracardiac congenital anomalies on whom coarctectomy is being performed as a first-stage repair.
Clinical Implications
Repair of coarctation of the aorta results in good long-term outcome, for 82% of all patients survive and are usually asymptomatic after a median of 20 years of follow-up. However, there is a significant incidence of premature death due to cardiovascular events, often coronary artery disease. The most important way to minimize late mortality and morbidity is to operate as soon as the diagnosis is made if the child is above the age of 
